Background: Circulating microRNAs (miRs) levels are potentially important diagnostic and prognostic biomarkers in acute coronary syndrome (ACS) or cerebral ischaemic events (CIE) resulting from internal carotid artery stenosis (ICAS).
INTRODUCTION
Endothelial senescence is thought to play a vital role in atherosclerosis [1] . Mechanisms of senescence include endothelial dysfunction, arterial stiffness, and endothelial microvesicle release, which seem to be vectors transferring macromolecules from originated to descending cells, including a specific group of regulatory factors -microRNAs (miRs) [2] . This family of small noncoding RNAs interacts with selected targeted mRNAs and typically represses their activity [3] . Atherosclerosis can be regulated by a variety of miRs having an impact on vascular inflammation, smooth muscle cell proliferation, and plaque progression [4] . Eventually these processes lead to atherothrombotic events that may manifest as acute coronary syndrome (ACS), cerebral ischaemic event (CIE) due to large vessel atherosclerotic disease, e.g. internal carotid athero-occlusive disease (ICAS) or limb ischaemia [5, 6] .
Acute coronary syndrome occurs in approximately 50% of patients without prodromal symptoms, while unfavourable clinical course following ACS is associated with myocardium remodelling due to cardiomyocyte necrosis resulting in the development of heart failure, arrhythmia, and sudden cardiac death recurrent myocardial ischaemia and atherosclerosis progression [5, 6] . In clinical practice, several imaging and laboratory prognostic biomarkers are in use to assess a risk of congestive heart failure, sudden cardiac death or recurrent ACS, including B-type natriuretic peptides, cardiac troponins, growth-differentiation factor-15, galectin-3, heart magnetic resonance imaging or echocardiographic study showing left ventricle remodelling, as well as reperfusion time [6, 7] .
Cerebral ischaemic event associated with ICAS, has the most unfavourable prognosis, about 30% of affected subjects die due to CIE during the first year after the event and 30% become permanently disabled [8] . Recurrent CIE in the same cerebral territory is observed in 10-25% of patients within the first year [8] . However, brain computed tomography displays infarcted zone ischaemia, which is usually related to the degree of neurological deficits, and further prognosis is unpredictable due to a limited number of laboratory specific biomarkers, as yet [8] .
Despite great progress in the management of atherothrombotic complications (revascularisation, medications improving survival), new potential biomarkers of ACS and CIE risk are of utmost importance.
Nowadays, promising biomarker candidates include circulating miRs that are involved in the regulatory mechanisms of physiological and pathological processes, such as smooth muscle cell proliferation and differentiation, apoptosis, metabolism, as well as neoangiogenesis and inflammation [4, 9, 10] . Furthermore, the release of cytokines and miRs as a consequence of the ischaemic event in one territory may lead to destabilisation of atherosclerotic plaques in another arterial territory [11, 12] .
The present study aimed to compare the circulating miRs levels in ACS vs. CIE patients, and prospectively investigate them as potential biomarkers associated with risk of recurrent cardiovascular events. We aimed to identify circulating miRs that may be the prognostic markers of patients' survival following ACS and CIE resulting from ICAS in respect to further cardiovascular events (new ACS, new CIE, and cardiovascular death [CVD]). Our choice for selection of particular miRs was based on database research, taking into consideration their abundance in the organs affected by the disease (heart or brain) as well as peripheral tissues (liver or pancreas) and serum stability.
METHODS

Groups subsets
Prospective evaluation included 114 patients with CIE (group I, 71 patients) or ACS (group II, 43 patients) resulting from the atherothrombotic plaque, referred to our institution between January 2011 and December 2012 for interventional management (carotid artery revascularisation or coronary angiography and subsequent coronary intervention).
The study was performed in accordance with the Declaration of Helsinki. The protocol was reviewed and approved by a Local Ethics Committee.
Inclusion criteria
In ACS subjects at least one infarct-related lesion in a coronary artery must have been identified during coronary angiography performed prior to coronary artery revascularisation with a primary percutaneous coronary angioplasty with stent implantation.
In CIE subjects, appropriate neurological symptoms, an associated ICAS exceeding 70% lumen reduction in the territory of cerebral ischaemia, and brain imaging findings relevant to the symptoms and ICAS were required.
All patients obtained medical treatment according to guidelines of the European Society of Cardiology, and the Society of Neurology.
Exclusion criteria included
In the ACS group: patients with acute heart failure or with congestive heart failure in New York Heart Association classes III and IV, as well as patients with diagnosed ACS but with normal coronary arteries were not included into the study. In the CIE group: previous CIE, lack of the consistency between ICAS site and neurological lesions on brain computed tomography or neurological deficits identified during neurologic consultation were grounds for exclusion because this might suggest aetiology of CIE other than ICAS. Also excluded were patients with normal carotid arteries, or patients referred for thrombolysis for acute stroke. Finally, patients with asymptomatic ICAS were not included into the present study.
Other general exclusion criteria included a history of cancer, systemic inflammatory conditions such as arthritis, and known or suspected bacterial or viral infections.
Every patient was subjected for a full-spectrum laboratory analysis (miRs, biochemical parameters, and selected biomarkers) before revascularisation.
Acquisition of medical records
The distribution of classic risk factors (diabetes, hyperlipidaemia, arterial hypertension, smoking current or previous, renal kidney disease, peripheral occluded arterial disease) was recorded. Definitions of the above were adopted from the scientific statements of the European Society of Cardiology (http://www.escardio.org).
www.kardiologiapolska.pl
Diagnostic and prognostic micro-RNAs in stroke and ACS
Coronary angiography and revascularisation procedure
Coronary angiography was performed from the femoral or radial approach. A loading dose of aspirin of 300 mg, followed by 75 mg/day was given indefinitely, and a loading dose of clopidogrel of 600 mg, followed by 75 mg/day for 12 months. During the procedure unfractionated heparin was administrated according to patient weight and activated clotting time. Glycoprotein IIb/IIIa inhibitors were used at the operator's discretion. Other medications, such as analgesics and beta-blockers were administrated as indicated. During the revascularisation procedure, the target vessel was routinely stented, and predilatation and stent choice depended on the clinical circumstances and the operator's decision.
Neurological assessment
Neurological examination was provided in all subjects with CIE on admission to our Department by a consultant neurologist. The data of CIE (ischaemic stroke or transient ischaemic attack) were obtained from a stroke unit, and sourced from available medical documentation, obtained from brain imaging either with computed tomography or magnetic resonance imaging to assess the degree of cerebral infarction, if any, and to exclude other disorders that might cause the symptoms (e.g. subdural hematoma, tumour).
Patients were referred to carotid artery stenting (CAS) or carotid endarterectomy (CEA) on the basis of a multidisciplinary working team including a consultant neurologist, vascular surgeon, endovascular specialist, cardiologist, and radiologist, taking into account the clinical presentation, accompanying comorbidities (e.g. renal dysfunction, respiratory tract disease, access site, coronary artery disease), anatomic assessment (limited surgical access, prior cervical irradiation, prior ipsilateral CEA, and contralateral carotid occlusion), data from imaging workup, and method feasibility and safety.
Angiography and ICAS revascularization
Patients were selected for CAS if they had symptomatic > 70% lumen stenosis by quantitative carotid angiography using the Coroscop system (Siemens AG, Munich, Germany) equipped with Quantcor version 4.0 quantitative analysis software. The degree of ICAS was assessed according to North American Symptomatic Carotid Endarterectomy Trial (NASCET) criteria by measuring the vessel diameter in the point of maximal stenosis compared with the plaque-free vessel diameter distally from the lesion. Angiograms were performed in at least two orthogonal projections that best displayed the lesion.
The detailed CAS technique was at the operator's discretion, provided that the 'tailored-CAS' algorithm was applied, allowing for optimal choice of neuroprotection device and stent type depending on the lesion morphology and the neurological status of the patient [13] . CEA technique was at the operator's discretion, with preference of eversion technique whenever feasible. Periprocedural medical management contained antiplatelet treatment. All patients obtained optimal medical treatment in concordance with recommendations of respective societies.
Laboratory tests
The standard blood tests included high-sensitivity C-reactive protein (hs-CRP), fibrinogen levels, and lipid profile.
miRNA extraction
Serum samples were collected on patient admission. Samples were allowed to coagulate for 30 min, centrifuged, and sera were frozen at -80°C until miRNA and selected biomarkers analysis. Extraction of miRNA was performed by means of the miRNeasy Serum/Plasma Kit (Qiagen) with the beginning lysis by Trizol LS Reagent (Invitrogen). The RNA yield and concentrations were determined by capillary electrophoresis on the Agilent Bioanalyser 2100 with the Eukaryote Total RNA Pico Chip (Agilent Technologies, Inc., Santa Clara, CA). An average 60 ± 31.9 pg/μL of total RNA from 300 μL of serum was recovered.
Profiling of candidate miRNAs
At the time of the study, Exiqon LNA primers were used to quantify 10 mature miRNAs using the Viia7 real-time polymerase chain reaction (PCR) system equipped with a 384--well reaction plate (Life Technologies). RNA was converted to cDNA using the Universal cDNA Synthesis Kit (Exiqon) following the manufacturer's instructions. Real-time PCR was performed in triplicate with SYBR Green master mix Universal RT (Exiqon) using standard conditions. The organ-specific candidate miRNAs were selected as follows: cardiac and skeletal muscle-related (miR-1-3p, -133a-3p, -133b, -208b-3p, -499-5p), brain-related (miR-34a-5p, -124-3p, -134-5p), liver-specific (miR-122-5p), pancreas-specific (miR-375), and miR-16-5p. The fold changes (RQ) were calculated and statistically significant variations between groups of samples filtered by the calculation of adjusted p-values using the Benjamini-Hochberg false discovery rate.
Follow-up
The incidences of CVD, myocardial infarction (MI), and recurrent CIE, as well as composite end-point (CVD/MI/CIE), were recorded prospectively in 112 patients during a mean follow-up period of 53.8 ± 14.9 months, median 57 (Q1-Q3: 54-60) months. The minimum follow-up period was three months, due to CVD.
Myocardial infarction was diagnosed according to criteria of the European Society of Cardiology. Diagnosis of CIE was to be given by a neurologist to ensure reliability. CVD was defined as a fatal CIE, fatal MI, or other CVD (i.e. any sudden or unexpected death unless proven as non-cardiovascular on autopsy).
Statistical analysis
Continuous variables are presented as mean ± one standard deviation, and categorical variables are expressed as frequenwww.kardiologiapolska.pl cies and percentages. Means of analysed parameters across groups were tested with analysis of variance (ANOVA) test, and frequencies were compared by the c 2 test for independence. The normal distribution of studied variables was determined by the Shapiro-Wilk test. Differences between mean values of miRs were verified using the Mann-Whitney U test because the distribution of variables was found not to be normal.
The potential independent prognostic markers of cardiovascular events during the follow-up period were established from the 30 variables with univariate analysis (miRs, age, gender, atherosclerosis risk factors, type of ischaemic event). If there was a trend toward difference (p < 0.1), they were entered into a multivariate Cox proportional hazard analysis model. The results of the multivariate logistic regression analysis were expressed as hazard ratio (HR) and 95% confidence interval (95% CI). Statistical analyses were performed with Statistica 12.0 software. Statistical significance was assumed at p < 0.05.
RESULTS
Group I comprised 71 consecutive subjects (47 men, mean age 69.5 ± 9.6 years) who suffered from CIE with a significant ICAS on angiography (mean stenosis degree 83.9 ± 15%), and who underwent successful carotid artery revascularisation.
Group II comprised 43 consecutive patients (34 men, mean age 57.6 ± 10.1 years) admitted with ACS, who underwent coronary angiography and subsequent coronary intervention according to guidelines. The detailed study group characteristics are presented in Table 1 . In brief, patients with CIE were older (p < 0.001), more often hypertensive (p = 0.005), and they had higher creatinine levels (p = 0.01), as compared to ACS subjects. There was higher levels of hs-CRP (p = 0.01) and low-density lipoprotein cholesterol (p < 0.001) in the ACS vs. CIE groups (Table 1) .
In ACS patients, as compared to CIE patients, there was a statistically significant increase of circulating miR-124-3p (log 2 -DCt 0.571 ± 0.07 vs. -0.638 ± 0.06; p < 0.001), miR-134-5p (log 2 -DCt 0.278 ± 0.09 vs. -0.02 ± 0.07; p = 0.012), miR-208b--3p (log 2 -DCt -0.899 ± 0.08 vs. -1.998 ± 0.149; p < 0.001), miR-34a-5p (log 2 -DCt 0.238 ± 0.08 vs. -0.248 ± 0.07; p < 0.001), and miR-499-5p (log 2 -DCt -0.899 ± 0.08 vs. -1.176 ± 0.07; p < 0.001; Fig. 1 ). Decreased levels of miR-16-5p (log 2 -DCt -0.072 ± 0.08 vs. 1.962 ± 0.103; p < 0.001) and miR-122--5p (log 2 -DCt -0.076 ± 0.08 vs. 1.892 ± 0.09; p < 0.001) were found (Fig. 1) .
Prospective evaluation was available for 112 subjects. CIE and ACS patients were considered together, as one group. Data are shown as mean and standard deviation or number (percentage). *Significant CAD or carotid artery stenosis -angiographically diagnosed at least 50% lumen reduction; CABG -coronary artery bypass grafting; CAD -coronary artery disease; CIE -cerebral ischemic event; eGFR -estimated glomerular filtration rate; hsCRP -high-sensitivity C-reactive protein; LDL -low-density lipoprotein; MI -myocardial infarction; PAOD -peripheral artery occlusive disease; PCI -percutaneous coronary intervention www.kardiologiapolska.pl . A.
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www.kardiologiapolska.pl During a four-year follow-up period, CVD/MI/CIE occurred in 23 (20.5%) subjects. In the CIE group there were eight CVDs (one due to CIE and seven due to MI) and five non-fatal CIEs. In the ACS group there were 10 non-fatal MIs, while no CVD or CIE were noted. The multivariate Cox proportional hazard analysis revealed the following predictors of CVD/MI/CIE: miR-208b-3p (HR = 1.225, 95% CI 1.092-1.375; p = 0.001), miR-34a-5p (HR = 0.963, 95% CI 0.935-0.992; p = 0.012), and miR-499--5p (HR = 0.077, 95% CI 0.025-0.239; p < 0.001; Table 2 ).
Furthermore, the levels of circulating miR-208b, miR-34a, and miR-499 occurred as independent risk factors for composite and each individual end-point (MI, CIE, and CVD; Table 2 ). Levels of miR-133b were identified as risk factors of future CVD (Table 2) .
DISCUSSION
The major finding in the present study is that despite the same (e.g. atherothrombotic) aetiology, resulting in an ischaemic event, the levels of several circulating miRs significantly differed between subjects with ACS and CIE. To our knowledge, this is the first study comparing serum miRs levels in subjects with ACS vs. CIE. We identified significant differences in the increase of miR-124-3p, miR-134-5p, miR-34a-5p, miR-208b--3p, and miR-499-5p, and in the decrease of miR-16-5p and miR-122-5p in ACS vs. CIE patients. This finding might be attributed to the different mechanism of ACS and CIE, e.g. the plaque rupture with subsequent thrombus formation is observed predominantly in ACS as compared to the embolic aetiology from frequently ulcerated soft carotid artery plaque in CIE [12] . The other potential explanation is that miRs expression depends on its release from atherosclerotic plaques, platelets, cardiomyocytes, and brain cells exposed to ischaemia [14, 15] .
Cipollone et al. [16] found that miR-100, -127, -133a, -133b, and -145 were significantly upregulated in symptomatic carotid plaques, while Raitoharju et al. [17] found that miR-21, -34a, -146a, -146b-5p, and -210 were the most upregulated miRNAs in atherosclerotic plaques from peripheral arteries (carotid, femoral, and abdominal aorta). In human coronary atherosclerotic plaques, at least one vascular bed, compared with a healthy arterial wall, showed different expression of miR-126, -134, -145, -146a, -198, -210, -340*, and -92a [16, 17] .
Interestingly the levels of circulating miR-1-3p, miR-133a-3p, miR-133b, and miR-375 were non-significantly different between ACS and CIE groups, suggesting perhaps the same release mechanism from the plaque.
miR and ACS
Olivieri et al. [18] demonstrated a 3-to 10-fold increase in expression of miR-1, miR-133a, miR-21, and miR-423-5p and over 80-fold increase of miR-499-5p, the latter was an important diagnostic marker of non-ST elevation MI (NSTEMI) in 92 elderly subjects. Adachi et al. [19] , in a miR array analysis, reported that miR-499 is almost specifically expressed in the heart, concluding that miR-499 might serve as an additional promising biomarker of MI. As shown in a mouse model, also miR-208 seems to be exclusively expressed in cardiomyocytes and consequently released during cardiomyocyte death in MI [20] .
Tang et al. [21] evaluated the effect of ischaemia reperfusion on miRs in the rat heart, identifying that levels of miR-1, miR-126, and miR-208 were increased, while miR-21, miR-133, and miR-195 levels were decreased. In our previous study, we found a 3.83-fold higher miR-134 expression (p < 0.025) in patients with ST elevation MI-ACS as compared to patients with NSTEMI-ACS [22] . While, the main variance in miR expression was associated with patent vs. occluded target lesion in a coronary artery [23] .
miR and CIE Jickling et al. [11] showed significant down-expression of miR-122, -148a, -19a, and -320, and up-expression of miR-363 and -487b in patients with any acute ischaemic [11] . These authors concluded that certain miRs may be differentially expressed according to the subtype of ischaemic stroke, which would require a larger cohort to examine [11] . The downregulation of miR-122 in stroke is also consistent with our current findings. Unfortunately, data regarding the relationship between destabilisation or progression of carotid artery stenosis resulting in CIE are scarcely reported. Dolz et al. [23] showed that plaque progression in asymptomatic carotid artery stenosis was associated with high likelihood of CIE and significantly higher expression of miR-199b-3p, miR-27b-3p, miR-130a-3p, miR-221-3p, and miR-24-3p. According to previous studies, miR-146a was found to be upregulated in atherosclerotic plaques obtained from human carotid arteries while miR-221, miR-100, miR-133a, or miR-145 were significantly overexpressed in unstable human carotid plaques [16, 17] . The lack of a significant difference between the levels of miR-133a observed in our study may potentially explain the common mechanism of plaque destabilisation as a process independent of plaque location.
miRs and cardiovascular prognosis
The other major finding from this study is that although miR levels differ significantly with regard to the organ exposed to ischaemia, we can identify several common miRs independently associated with future recurrent events, e.g. CVD, MI, CIE as well as composite end-point: CVD/MI/CIE. The following independent predictors of CVD/MI/CIE were identified: miR-208b (HR = 1.225, 95% CI 1.092-1.375; p = 0.001), miR-34a (HR = 0.963, 95% CI 0.935-0.992; p = 0.012), and miR-499 (HR = 0.077, 95% CI 0.025-0.239; p < 0.001).
This finding might be clinically very useful because an ischaemic event in one vascular territory may trigger another ischaemic event in the same or different arterial territory. Thus, identification of miRs, presumably key players in plaque transformation from the stable into the unstable or prone to rupture, may identify new therapeutic targets.
Our present study demonstrated that the levels of serum miR-208b, miR-34a, miR-133b, and miR-499 were associated with CVD risk. In the study of 444 patients with ACS by Widera et al. [24] , the admission levels of miR-133a and miR-208b were significantly associated with the risk of all-cause death at six months in univariate and age-and gender-adjusted analyses. Gidlof et al. [25] , in a group of 424 patients with ACS found the independent association between miR-208b (OR = 1.79, p < 0.001) and miR-499-5p (OR = 1.7, p < 0.001) with increased risk of mortality and heart failure within 30 days.
Furthermore, the levels of miR-208b, miR-34a, and miR-499 proved to be independent risk factors of composite and particular end-points (MI, CIE, and CVD). While, the expression of miR-133b was identified as a risk factor of further CVD, and miR-16 proved to be specific for CIE incidence.
Limitations of the study
One obvious limitation is the pre-selection of miRs potentially associated with ACS or CIE, thus other miRs may also contribute to pathogenesis and prognosis in atherothrombotic events.
CONCLUSIONS
To conclude, in order to develop a target-specific therapy, it is essential to establish the exact mechanisms driving the release of specific miRs during atherosclerosis progression and remodelling. It is still not known if miRs responsible for neoangiogenesis or smooth muscle cell proliferation (miR-133a/133b) can contribute to plaque conversion from a stable to an unstable state, or if the cells exposed to ischaemia (cardiomyocytes) can release microvesicles loaded with specific miRs (miR-208 or miR-499), which remotely affect formation to increase the risk of future cardiovascular events.
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